Introduction
The technique developed by Topping and Seilman [1] for the classification of 2 macroglobulin is mentioned in outline in the preceding paper [2] . In this, a dilutor is described which prepares the 25 dilutions of serum required for each analysis. In the second part of the analysis, a portion of each diluted serum (0.1 ml) is added to 3 ml of an artificial substrate consisting of a solution of N-e-Benzoyl-L arginine ethyl ester (BAEE) [3] and by Stewart et al. in the USA [4] . In its earliest and simplest form, the reagent is pumped through a narrow bore (< mm) tube and the sample is injected by syringe as a discrete bolus or slug into the flowing stream. Mixing with reagent takes place by radial diffusion and the reaction products are observed in a flowthrough detector at some distance downstream. This simple system serves well for rapid reactions, but for slower reactions, and for full mechanization, something more sophisticated is needed. Rfi2i6ka et al. [5] , Mindegaard [6] and Anderson [7] have described rotary valves in which the cavity in the valve serves to measure the sample accurately and also to transfer it into the flowing stream of reagent. These, if motorized and used in conjunction with a sample turntable, may form the basis of a completely automatic system. Rfi6ka and Hansen [8] have also described the use of FIA in the stopped-flow/kinetic mode; because the assembly of tubing used in FIA is relatively inelastic, and because air segmentation is not used, once the pump is stopped the slug is arrested and will remain immobile for long periods. By arresting the slug in the appropriate detector, the progress of the reaction can be monitored and recorded.
The following describes the construction of a stoppedflow/flow-injection machine dedicated to the 0 2 macroglobulin kinetic studies described above.
Instrumentation
The flow diagram of the system is shown in figure 1, in thick perspex and these have two vertical ports, also 0"8 mm diameter, located so that they are exactly aligned with the port in the barrel at each end of its arc of travel. The pin P passes through the barrel and is threaded into the centre shaft. It thus serves to locate the barrel on the centre shaft; it also serves as a handle to move the barrel manually and as a stop, locating the barrel positively when it comes into contact with one or other of the supporting pillars. The three supporting pillars are made of stainless-steel; they are pinned to the lower plate and pass freely through the holes in the upper plate. The latter is secured by light springs and nuts on the end of each pillar. Not shown in the sketch, the pillars extend below the lower plate to support the valve on a 4mm thick aluminium plate beneath which is mounted a geared reversing synchronous motor (P531 SPIII 30 RPM, McLennon Servo Supplies Ltd, Camberley, Surrey, UK).
The gearbox shaft of this motor is direct-coupled to the centre shaft of the valve. In practice, the motor drives the barrel to the limits of travel ofpin P and is then stalled briefly until the power is switched off.
Difficulty was encountered in making the mating surfaces of the valve completely watertight, apparently due to two reasons.
Firstly, it was difficult to avoid tool marks in the machined surfaces of the PTFE and after some trial-and-error, the ends of from details provided by the supplier. The precision timer switches on the pump motor for a precise time which is adjustable between 0.5 and 1000s. The pump propels buffer substrate and the sample slug through the reactor tubing to the cuvette where it is arrested. After the sample slug is arrested in the cuvette, the trace is recorded for 105 s before the next cycle commences.
The general arrangement of the equipment, excluding the spectrophotometer, is shown in the photograph (figure 3).
The preliminary setting of the precision timer is achieved by pumping sodium tetraborate (0" mol/l), using 0-4 Bromothymol blue as sample and recording the absorbance at 600 nm. The recorder trace is examined, the timer adjusted and the cycle repeated until the recorder trace stops just at the top ofthe peak. It is convenient ifthe recorder chart drive can be reversed so that each trace can be superimposed on its predecessor.
Before evaluating the system, the efficiency of the arrangements for pre-heating the reaction mixture was tested by use of a thermochromic solution as suggested by Bowie et al. [9] .
Operating at 30C the mixture had reached 29"4C within 10 s of arresting the pump and this proved to be a considerable improvement over the original manual technique.
Evaluation of the system
As a preliminary evaluation the system was first used to measure albumin by the dye-binding method using bromocresol purple as proposed by Pinnell and Northam [10] . It was then used in the kinetic mode to measure lactate dehydrogenase (LDH). Finally, its ability to carry out the t 2 macroglobulin (e2M) kinetic assays was evaluated. Details of the experimental conditions are as follows.
Reagents
Unless otherwise stated all chemicals were obtained from BDH Ltd, Poole, Dorset, UK.
(1) Bromocresol purple (BCP) reagent for albumin determination: 0.1 g of BCP, 6 g of sodium acetate trihydrate, Figure 3 . Autosampler, valve and pump. 
Albumin determination
Working conditions were as follows. Albumin reagent was pumped as the carrier stream at 2 ml/min. The sample volume was 10/A (determined by the size of the port in the valve). The reaction coil consisted of 2m of 0.7 mm i.d. PTFE tubing. The dispersion, measured as described by Rf2i6ka and Hansen [5] and using a solution of BCP, was found to be 45. The inachine was operated in an end-point mode, that is the pumping period was extended so that the slug of sample passed completely through the cuvette without halting and the absorbance at 620 nm was displayed as sharp peaks on the recorder. Sample concentration was calculated from the peak heights. A range of albumin standards was examined and a plot of their absorbances was found to be linear over the range 20 60 g/1. An assortment of patient's sera were then examined. One serum, repeated 10 times, gave a coefficient of variation of 27/,, at a level of 42g/1. Twenty-one sera were assayed by the flowinjection method and by a method employing Bromocresol green on the Vickers M300; the coefficient of correlation was 0'93.
Lactate dehydrogenase determination
The conditions were as follows. The flow arrangements were exactly as in figure 1. The LDH reagent was pumped as the carrier liquid at ml/min. The Measurement ofthe slope ofthe plot by protractor must make a significant contribution to the error, and, no doubt, measurement of the slope electronically would be an improvement. The precision obtained with the albumin method was relatively poor, but the fixed volume of 10/A of sample was much too large for the method.
The speed of the system is modest, so that the total time required for a complete a2 M assay, using a combination of the dilutor and flow-injection system, is a little over half that required for a manual assay. However, it was the intention to relieve tedium and free the analyst, rather than to make a major increase in throughput, and this has been achieved. The next step of the operation will be aimed at increased throughput. A design for a further machine is in preparation.
